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AERONAUTICAL SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English

Symbol -
Unit Symbol Unit Symbol

Length ----- I meter -------------- ------ m foot (or mile) --------- ft. (or mi.)
Time ------- t second ------------------ -sec second (or hour) ------- sec. (or hr.)
Force ------ F weight of one kilogram ----- kg weight of one pound lb.

Power ------- P kg/m/sec ---------------------------- horsepower ----------- HP.

Speed---------------km/hr --------------------------- mi./hr -------------- M. P. H.
m/sec---------------------- ft./sec -------------- f. p. a.

2. GENERAL SYMBOLS, ETC.

W, Weight, = mg m]2, Moment of inertia (indicate axis of the
g, Standard acceleration of gravity-=9.80665 radius of gyration, k, by proper sub-

m/see.3=32.1740 ft./sec.2  script).
Mass, W S, Area.

g S., Wing area, etc.

p, Density (mass per unit volume). G, Gap.
Standard density of dry air, 0.12497 (kg-m-4 b, Span.

sec.) at 15' C and 760 mm=0.002378 (lb.- c, Chord length.
ft.-4 sec2). b/c, Aspect ratio.

Specific weight of "standard" air, 1.2255 f, Distance from c. g. to elevator hinge.
kg/m3 = 0.07651 lb./ft.3  A, Coefficient of viscosity.

3. AERODYNAMICAL SYMBOLS

V, True air speed. ^6 Dihedral angle.

Dynamic (or impact) pressure 1 V7 Reynolds Number, where I is a linear
I, n (r p' - dimension.

L Lift, absolute coefficient CL=L e. g., for 9 model airfoil 3 in. chord, 100
gL= mi./hr. normal pressure, 00 C: 255,000

D, Drag,absolute coefficientC D and at 150 C., 230,000;
DiS or for a model of 10 cm chord 40 m/sec,

C, Cross - wind force, a b s ol u t e coefficient corresponding numbers are 299,000
cc = C and 270,000.

-qS Ci, Center of pressure coefficient (ratio of
R, Resultant force. (Note that these coeffi- distance of C. P. from leading edge to

cients are twice as large as the old co- chord length).
efficients Le, Dc.) 0, Angle of stabilizer setting with reference

i,, Angle of setting of wings (relative to thrust to lower wing, = (it - i/).
line), a, Angle of attack.

ig, Angle of stabilizer setting with reference to e, Angle of downwash.
to thrust line.

I
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INTRODUCTION

This collection of" data on airfoils has been made from the published reports of a number
of the leading aerodynamic laboratories of this country and Europe.! The information which
was originally expressed according to the different customs of the several laboratories is here
presented in a uniform series of charts and tables suitable for the use of designing engineers and
for purposes of general reference.

It is a well-known fact that the results obtained in dlifferent laboratories, because of their
individual methods of testing, are not strictly comparable even if proper scale corrections for
size of model and speed of tc'st are supplied. It is, therefore, unwise to compare too closely
the coefficients of two wing sections tested in different laboratories. Tests of different wing
sections from the samo source, however, may he relied on to give true relative values.

The series ot airfoils designated N. A. C. A.--M1 to N. A. C. A.-M27 (Reference Nos. 506
to 5.32) were tested in the variable density wind tunnel of the National Advisory Committee
for Aeronautics at a 1pressure of approxinmately 20 atmoslpheres.

T he absoli:te sstom of coelhicients has been used, since it is thought b)v the National Advisory

Committee for Aeronautics that this system is the one most suited for international use and
Yet it is one from which a desired transformation can be easily made. For this purpose a set
Of transformation constants is given.

Each airfoil section is given a reference number, and the test data are presented in the
form of curves from which the coefficients can be read with sufficient accuracy for designing
purposes. The dimensions of the profile 6f each section are given at various stations along the
chord in per cent of the chord, the latter also serving as the datum line. When two sets of
ordinates are neeossary, on account of ta per in chord or ordinate, those for the maximum section
iat center of span) are given on the individual characteristic shects, while those for the tip
(dotted) section are given in separate tables. page 226. Where the ratio of ordinate to chord
remains constant the one set of ordinates applies to both center and tip section. The shape
of the section is also shown with reasonable accuracy to enable one to more clearly visualize

the section under consid(,ration, together with its characteristics.
The authority for the results here presented is given as the name of the laboratory at which

the experiments were conducted, with the size of model, wind velocity, and year of test.

TRANSFORMATION CONSTANTS

For the convenience of those who prefer to use a system of units other than the absolute
system. there is given beiow a table of transformation constants based on the standard con-

(17td I adopted by the National Advisory Committee for Aeronautics of-

Temperature= 15.60 C. = 60.10 F.

Pressure = 760 mm MYg. = 29.92 in. Hg.
Ihunliditv 0.
Gravity = 9.S06 ni/see_.- = 32.172 ft./sec. 2

A. pro-iotni olh',•t on of airfoil sotion- I to 503 and chirls I to 12 may be fotrnd in N -. . C. A. Reports Nos. uO, 124, and 182.
191
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thus giving values of specific weight of air

It= 1.223 kg/in 3  0.07635 lb./ft.:2
and ol density

p 0.1247 in the French engineering or kilogram, n.eter, second system.

Or
= 0.00237 in the English or pound, loot, second system.

In ab so lu te u n its- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - P = ("l . -p

1n kg/m 2  (m /sec.) ...........................---.... 0625 (' 2

In kg/m 2 (km/hr.)------------------------------- P .004822 (I-
In lb./sq. ft. (ft./sec.)------------------------------P=.001189 CIl2
In lb./sq. ft. (mi./hr.)------------------------------ P .00255S (iV2

Note that these constants are half as large as those used in Reports Nos. 93 and 124 and that the absolute

coefficients used in this report are twice as large as the old coefficients. See Report No. 240 regarding change
in absolute coefficients.)

INDEX

Three separate types of index are given-chart indexes which make it possible for a designer
to select the wing section most suitable for the particular design in which he is interested; a
group index which is arranged by countries and laboratories at which tests were conducted,
each section also being designated by a reference number; and an alphabetical index.

CHART INDEX

In order that the designer may easily pick out a wing section which is suited to the type of
airplane on which he is working, four index charts are given which classify the wings according
to their aerodynamic and structural properties. In the charts of this report a lower-case letter
is placed adjacent to the reference number giving Vi values, so that a comparison can be made
without referring to the individual drawings. In this value V represents wind velocity in feet
per second and 1 a linear dimension, the chord, in feet.

In chart No. 13 the minimum drag, CD is plotted against the LID at otne-fourth the maxi-
mum lift, CL. This chart should be used in choosing a wing section for a high-speed airplane,
the wing sections being more suited for this use the farther they are from the lower left-blind
corner.

In chart No. 14 the mean spar depth is plotted against the maximum lift, CL in order to
show the possible strength and lightness of the wing structure. The higher the maximum lift
coefficient is the smaller will be the wing area and the lighter the structural weight, and in the
same way the greater the depth of the spars the lighter will be their weight, so that the sec-
tions the greatest distance from the lower left-hand corner will give the lightest and strongest,
wings. The "mean spar depth" is obtained by assuming the spars to be located respectively
at 15 and 60 per cent of the chord, and by dividing the sum of their thicknesses by 2. In the
case of sections tapered in ordinate, or chord, or both, the metn spar depth of the maximum
section (section at center of span) is taken in per cent of the constant chord for the ordinate
taper, and of the mean chord for the chord taper although accomranied, in certain airfoils,
with an ordinate taper.

In chart No. 15 the maximum L/D is plotted against the maximum lift, CL, which is of use
in choosing the wing section for a slow and efficient airplane. In the same way as before the
sections farthest from the lower left-hand corner are the best for this purpose.

In chart No. 16 the LID at two-thirds the maximum lift, CL is plotted against the maxi-
mum lift, CL. This chart can be used for choosing a section that will give an efficient clinit) or
a long range at cruising speed. The best sections for this purpose will be farthest from the
lovver left-hand corner of the chart.
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-2Slo7 o eaol:l 500 5. 00.15 21:9w : 3-.b

2Wind velocity: 71.13 511./err. At~os. n . o veoclty- 7b.92 ft./ser.20 41.05.

-12 -10-8 -6 -4-20 24 6 510 12 1416015202 -12 -10-8 -6 -4 -z 02466 5 10 1214 161IS20 22

Angl1e of Attack4 In Degrees. Angle of Attack In Degrees..

IFimlciC 10.510 Percent of Chord N.A.C.A. ~ ItE i~tCi 10. 512 Percent of C~lard K.A.C.A.

3 n 2010 4 r.06 0 0 909C 10 30In 0 0 000 r 8F 0 090 100

5.3 0.03 I - i I3 20 7.5 -3.65 - ---- 3

70 h7m .6 2 0-- - - -63 7004. 1:7.46 22

10 4473. 0.593

24 87 0.O

5 7-1 0-0 1 1 1 5 .8 - 3.47

to 7.7 0.0 -1 .362 20o 7_5 -. ?;

8.34 0.10 30s -. 2 -- - 7; -- 1 i

41 90 i - - - - -~ 8.2 0.- -0 8.. -3.90 120
7o 69 0 2.3 00 72 3

as.1 80 9 0:02~81.

70 b77 17 1 -1 .. 328 70 4.0 -14 1.6-.02

90 3.8 1 a. of 3et3n .3006 go 1 -57 3

-6 Lo oo .261 206 0 20.

124 1 ---- 02116 00 2.68 02 24 020 .2 6.02162 2

A22l J30 Atee .22 22ne. Angl .221.6 . D



1 ¶~S ': I N I S vi - li, 'n'sr UITTEF rOIR AETIONAUrTU(-,

HYRiEVIU CE iIIe12ce7nt ,f c0h d SI. A, C.A. F18 RY9CF NO 1.1 e r.r '16.r A.
Z- Ao-xq,1!360.10 8993-O IGO -ý 19 L. c l cJ

4 1 U I '0 ., P.1 V

76 . 7t~ 'o

50 .2 .7 U0 1,4
40 r' !.:5 UP .0105 . 7 .C 310 46' 3

90 'r 74 1 . C - 30 93 V .

00 17 -. I3u., 1.' 7 2 2

2 6 600 7. U.1 2I 2

24~ 0 Q , ;

9 0 13 .9

e2s 50- .. .2

2o6 F.1 -or 6 2i6 E: .26

CI d
.. 6 .222 22 10 1 30 - - .2222 j30'

Z 14 VOL 1

-22 -2 1a. or .12oo I...A

6eo~y 7..4 66fo.206.4

02 0 -- 2 4 6 0 2 4 6 8 0 2 -1 - 0 8 4226 10 2 4 6 8 . 02

4.0 .0 440.

00f *---c -in .A . -b1 I of 0.01n . .C.A

S I - f. - d el :3 430 - 0 .0 5 - 2 - - , e c y 3 . 9 f . s e 0 A70 757. c z t..- 0 4.1 wee: LI .I. D t:i
-191 3 - 4 - 042 2f 4 6 --0.321 1 1 0 2292-0 2. 40 0.5 0- 0 1 4 1 s ;.2

LW 4R -1
2 o240 1.81 1.3 2 .14 I.4 2 -4 ;1

C. 76 04-1C 5 .1

.10 053 013 0:6 0 47100

to: 5 V .04I
20 It I- 20 2 .36

006
2.5 3-e2 00

44., ~ ~ ~ ~ ~ ~ 3 5f oe.tk3 L.. - ot .03t11 U C A
114 (),.40 0eoly 15 .'. 3~ 11- 34

too.dl .1' -5.13 0.0
120 8 6 04. 0 2 .3112 4 6 3 2 1270 4.2 6- -2 - 1. 4 6 3321

Aot1 of Cta~ A2 eelo. 60810 0: Atap 3 ,7



iTIIR4CE No0. 1,3 ýOrcent of Chord 10.A.C.. REFERENCE 110 20017o 6f 70 C 10~( 1,' 0.' _69_1~ 0 60 Q 0 00 100 ,

D0 C- . - 0 0.00

2' 4.4 ! . 00 "' -2.14
o.Aq~~~ IQ I .'

1 027:=~

LSO 7.61 0.04 j!---- 2U 708 V) 36
70 8.0e 0.46-0-i--1--. .327 418 10'16 32)5
40 9.710 0.257c

---- - .34.30

26 7.6 0.07- 7 - - 1.8 .2

2003 _. -

.18,6 L 0.2 2 ' .,7 1 . 16 3

70 b.13 0.4 _ -1.613

700
lone~~~s -r9.3o1 .. 00 -i

Sgo of1 0..e7 1C 100So f051: I'01 98

110 3.5785 1.43.1 30te 10824Q 1 ,

0~91 0.8...022

18 0 1.24 0.25 .28110 827 .5 0~~0

20 .8 -1 .3 4 .2o, 0 07

.80 7.2 J34, - 30 .22

50 6. 101 --

60~~2 2.41 .620 6 ~ 'o 0

Is80- I.2 "s '40 00 .32

25 01 60.8 .1

So 16

12...06 1 616A.12

___ ~ ~ t 6 2 ~ o12 ~ 0 ' " " T

0 l -- -- ~ -' --- -- .20 .00 I

10 Zngle of0 - 7

.2 ~ 4.'2' /. .4 .08 --1 .2 .0:o6odl 0 e ~eo
.CCY t* .4j ~ bo de: [.6AC 0

1' .08 6-.0 6 5 0 21 1 1 2 2 1 -5 - - - - 2 6 1 1 1 1 1 2
201800 on .04. nleo tok nDge.



200 JPEPORIT NATIONAL ADVI$ýORY COMMITTEE FOR AERONAUTICS

Ruvmzu vo. 5slo Percent af Chord 1I.A.C.A. REFTMZCE C0. 521 Percen~t of Chord 1,A.C.A.~ ---~----- 3 10 04 0 050_____ 0 20 10 40 90 60 70 80 40 10

0 2.41 2.41 27I- l~ -V 2R t'

bj .44 0 o,42 ~ ~ 0 - - . .

6. _ .160 v.4 '~~ s
(142 0.03 2 o 70' 11

-37 30 0 E..142 0.713

15.L 1. .2 0.- 2o T_0 13_ý12

20~* -1 2- 0.0 -1 ----- 14

40~ 122 . 0 0'

o1-146-0 2 14 66 0: 30246122 -l-0- a 0 23 0 6726246122

14 -3 0 - 0 8.00
do .29 0 .c 41 202 70 16 220

90 4.3 .02~ -. - -~ --.---.-..- so- 3 14.7 0.01 V 1
15 7.70 4.7 03 10 .41 P8 0.051 30

1 . :94 934 10 1:49 0:415
2 810 1.4~0.2 .32s10 1 . 1 0.059

6910 2.64 05 - - - - - - .20 960 44.17- - - - - -. 26
is 5 1.164

24. b2 __ -i..20* 2 O]

Cp24 .20- - - - - .- .

C 0

.02--t- - ~ .2

171e o5 Ieeon ?I$ C.A.-29-

1. 10 - 6- 2 0-1 2.7 - - -10 2-65 0 - etd -.. AL D-.t.1
Angl ofAtc 6Dgec - 2 1 4608 0 2 4 6 0 1 4 1 8 22nl ofAtlkk eges
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REF5101ME 10. 024 Percent of Chord T.A.C.A. MFTERNCZ 10. b2.5 Percent of Chord K.A.C.A.

0.9 0. : 0 20-

2 2.88 0.~ ZI 0 2.7 0.03

2f E- 10.1 1.20 U1.

30 9.40 7 3.2 3 1.0? 282
70 0. 7.4 40 1. 1 2.7

60 4.8' 54 1.4 8. 95 1.305
70 1.1 0.84--- ------ -. 6.31.0'30.8

0 .37 0.00 .30 4 0.1
30 3.4 0.0211.

55 1024 01 -- - - - - - 3 90 '. 0 4- - - - - - - - - - - .30

100 0:716 0 .0 6-270 0 0.5

95 1.------------------------ 0. 12~ 95l 1.6 .2

281003 - .7 0:-30--3 Lk-.' 9. 
21.5 5

.6 lo Co 0 .2 0

2213 114 S.1 2 2 10 22'

TIS1 501 u as

*16CA.~i -2 .- .16 o..

.1er tetd 1..01 Dm60:.180

.10 :50 .10 4 10 6.66 1.9 10

.3N6-30 10.201 4.00

12o 3- .04 - -875 28

80.04

V-..- 0 r 2: 20 5~

20 00 0 iib.t1
ii8 51-e0- -f =del 30--b

-4 A----- .6 S..o o.1 -ý -. 3 -t/ro 20L -

.2 Wlnd velocity: 73.82 ft./sec. _IWO1 .4 ---- I---: ld 1 :0 tl t/0O t.

Whr etd: LlAL ate: 19241 4 where tested: L.M.A.L. Datetl924

-12-lo0-8 -6 -4-2 02 4 6 8 10 12 1416 18 20 22 1 2 2-10 -8-6-4 -2 02a46 a 10 12 14 16is 20 2
Angie of Attack in Degrees. Angle of Attack in Deprese.



I~r xi N . A rxi ('0\I ) M ITTll IK' FORi AERONAUT~ICS

RFM 90.58Percent of Chr N.A.C.A. PITERICE T0. 52ý9 Percent of Ctord WACA
1.0 ~ ~ ~ 607 013 g 2o 10 40 $0 60 70 90 90 10

0 1.50? 0.8, 1 20

S .6 00121 E.001 0.01 9 0

-1 5 4.5 0.1, ~~ 0

15.2 .06L ý 36 20 I o01 1.77 -10 3
20 10 -41030 14.084 ý1
00 1 43 :440 17.7e,- 1.2 _ _

11 8.0 i~s -.0 .. 32 70 8134.15

90 .51 0.1 -0 90 o~~ 0
as 8.1 250 .

.2 060o- -53- 26-2

900 9 4 . 5

98 09 2d _ Li
-- -i - -- T0- 1 -.o

tern~2 o6 eernn o...A-2 .26ze oel 0'
96 -. 2 Wi- a000 ty 72I ft/e. £~.- . idvlc it: 7.5 P/e. 0Ae

6 . o--- 

0.02 

20;

70

908 2.2 f.2. 3

T. JJ'1l - 223- - - - -. - --- - -.16 16 226

11~- .- t' 146o7

1 60~7 .12jp

-.6 __12j 12

.0 vo- - Ker eetlo 1.Ao..'J1 A -- ~ 0

Yeloity 74. fI. ~20 A~Oo L-~~tw .4-2 - I 1:8 f .601 '0" 5" d veoc~y: 3.82ft/ec. 0 A.0s
re tete: 2. or. ~ t 15. Were e~td, 11.65. Cle .063

-12-0-8--4-202466101i 1 1802 62086- 2 661111122

Angl.2 of At4c i4 oe.. tO.o 1.1 aDe
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UUM MS 110. 532 Percent of Chord. I.A.C.A. 8ZJdCTIM 10. 533 Percent of Chord I.A.C.A.

1.2 1.2 0.73 0.35
3.8? 0.04

5.6 0.05 .4 00
03 0_822 !i

13.6' 3.59 4 42I03 I

80 5.2.93 o.4 7 80 4.17 0 0.157
20 34.56 0.217-- 0-----2----------------

15.6 3:4 .5 2

26 -l 342 8 1 .1 3
28.0 8.6520 5932-70 -5.6-------.

90 3.6 0. 23 .3 go 2-4 0 .0 3

818 o1:6 0o ei 30 68 95 1.5,0 -2 o oe0 0 5

1 0o9 1.00 39: 73.29 28/oc 0.50~ -.0 If-6 Lkocty 7.28/
2ho6 t01,4 X..AL 26t 26924 Wh1 totd 1.861 1e 1925

,4b2 12 1 4 .0 1.82 02

22 0 .2S 22130 - 14.52.1

201 922 20 57.7 0.0 .10

16 036 .1 18.4 0.24s

2.10 0.270--------------------------8 7:18 0:5 - -i

12ýSi.6 12 128---------------------------- .12

.90

p A .

8508 o .06.1 50"

-. 2 :1: lfocdt7: 7382 ft./see. t s- - -Wid" ly: ? t/a0
I- Where tested. L.N.A.L. Dt*e: 1925 .8AR 1925idv1057: 7 t.e

-22 -10 - - -4 -210 2 6 8 10 12 1416 180 -12 -10 -8 - 4--2 0 2 6 581012 1416-1820 Z
Angle of Attack o.Doe... Angle of AttaCk In Degrees.

RZMZN.584 Pren fChr-27---RMZ 0 35Pren fChr .ACA
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R]"IMzCM 10. 115 Percent of Chord N.A.C.A. 829252Nd -0. 537 PeX.!..t of Chord NACA

76&2 1.90 -0.45 .
.11 0.81 2j 2.75 -0.71 9
3 2 0.128, 1. d1 5 1.93 -0.94 0

4.1 10 0710 L A , :100

20 10.258 0 .02 0 o3 1 55 -60.04

76080 5.30 -0.59
2 112 0.5.36 90 2.80 - - - - - - .36

30 1 0 *1953 1 .83 -0.04
10003 030 .0.0 22 _::,00 FI-- - -- -- - --5A 28. '47 -04

'01 .16- 2 ... 0 .,. eg 1.-3

7. 08 42 -10 4 10

-2 5 ~ 02 10010 1..A 31 -2 Slo of5el 00

Slo O7 3001 90' o 30
400 30 lo 2690 -70 783.0e.2 .30vlol0: 7 1.eO

-12-0-5-0-25 202. 81021 1638 2 265 -100 00-8-40. 020 8.3.1461

Iiu o po I3 I.00 of Cb2 6... REEEC 0 3 P0010 l

26~~04 ti-.6 6'

221 0 .22-- - - - - - - - - - - - - -

12 9-1 -1 -1 
36o

- .110

oZ9 '102 ;,o

6u of.010;USA 2 ersel1%

-71 I Cl. 001t: 89 eC

Where tasted. L.M.A.L. Data: 19Z5 I- Wher tested101: L119 .7 Dat/e : 92

-122-10 -6-6 -a 0 2 46681012 14161is2Dk L.' ~ 86--20a2 46 a10 12 14 163826 D
Aogle of Attack in Deprese. Angle of it tak in Deprese.
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nzmuRRCS 10. 540 Percent of Chord N.A.C.A. RZIFRICR 10. 541 Percet of Chord X.A.C.A.

5VI o. 30 i.9 0.9r. 070 9 -1 n -

10 0.83 1:80 20. ~0 7.80 0.43 C.
1 25 9.13 1 .9 0 :5 .75 0.61)

20 10O00 2.7..i-------------------3 20 3.0 0.7 laic

P 10.83 2.772 78 04
10.o 2.877

5 0 : 8.7 2.0 8 1.57 1. 20

10.3 2.8734 96 0 .54.87 B0.57

27 -. 30 90 2.75 *. .-- - - - 30

0 0

" .6 61A8,-------------------------

A~~ :_ 1. .2_e .2.2

22 Si7 of: m.del 182 5"p.

-~20 .2d0loiy 5. t.eo

1.10 -0.70.1

.6 ~ ~ ~ 22 0.151 O_ 6 1

4.7 -15 5.9 0.

11~~~~54 0.42-4.9 0 . 0

.0 2.8 -0.8

0 .203 20 .0

-1 ~ ~~ ~~~ -2 0 2 .12 6 .0.2141.8212 -0  - 6- 2 0 o1 1 6I 02

-0 im0 - f ,oel 161z"
1.8 .2 WI7 is oot? 12. 3:t2.0 eo.l

Wh.75 -1:77d Wash. 4av OaN 0at. O93'S Wndvict: 5877.e
41-086--04 It2l~~S2~ -1-0u--- 0246 4.124-l

An0l o2 Ata1 88 Doe0 Anl of 4tac 0o 0oe
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N1RJUUCZ No. s44 Percent of Chord x.A.c.A A82UCX 310. 545 Percent of Chord N.A.C.A.

4. 4" 0. G 21 8.05 1.05

6:5 0.124 9 1 10.05 0.63

ad- -- - -- - - 0.0.

lo :42~ 3 00 oo201 3..30 0.00 - 0 - --

4.30 0.1 14~.t 3 0.00
-.003 9:02 8.0 s s0 0.5

8 7 1.0 80 8.460 0.50

95 1.84, 0.58 -3 0 90 12.35 0.27 -

0 0 3 2 -0 2.728 2

26:10.26 26 &10 .26fI-f

0 70

-0 ýioc I~.20 :1 :620~ -ý4 - - -

.16-LTis :441

14 --.70n wl1ity 58. 14/oo -.70L -.2.6 .14 lol7 67 t.a

Ang0e of .tac .6 .arc. n1 o tac n2e8

12 7 001 22 2.3

.10 10 6.7 0.00 P..

1-0 .0nlstoo yea . a 6 .0 A1.0 0.06

ch6d .06- .3 70 610.: - - --- - - - - 63

~ 90 2.52 0.2- .304 90- ..80.4-

s6IiI '1 CD- - - - - - S-- -C.) ~ -T 1 .
- - - - - - - - -- .?---00

41 7 se~x W , - .7 ft.see .12~7 Win veo t- -. -- 567 t/se

where tested. Wash. Navy Yard. Datet 192216r ae:50.90 od Dt, I~

-22 10 6 2-420 686 1031231416158202 zz-2-o- 6- 2o 2 4 6 51 21 6I 02

Angle of Attack In D~egrees. Angle of Attack in Dpegres.
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R 90ECEN. 46V Percent of Chord .... FFEEC NOS4Pecn of hrdWA ..

0 2o0 0 0:5 62

2j a9.37 71.00 1o 2o550

5 '11.43 1. OR 10 t 5 .15 3.-15 ____0
71 11.95 0.53 10'~ ~ ~~7 0.10 2. .ý7~~c~

10 17.73 3.?1 1 F30.0
40 1'.5 01..063

1050 16:00 1.9- - 0.0 0. 1 .
14.3,01.036 T 5 0 12

60 1.73 0.120 105 1.00
30 177 0.00 80 b 0-0 - j

90 5. 0 03 - - - 3 0 6.036.1

1 .3.0 0.35 40 0. I
28 0 ie -C Q y. 31 4 .2 26 20 0 53

260 .36 :N 0:60-6
70 0.160og 

,O

4 . so .32 730 9.0 31 16 3

go~3 220 .1. -00so 785 39

26l 0
6L4 .2........6s2

- . .26oi 06F

24 2 24 .20 .2.0

ii 05

20~ of 1.olo 20to0-0r10 .. : T-1 20
0leo oe: '' .' . ~ - .. OOo oto: N-

.1, o 16 26
1'+.7 5~~ C .W 30A 14 _ 040 0.0

12 .70't1 2 0.0 -- .6 .1

15 5.7 0.0t d
31 50 24 1. 0 -o 10 - -1 5

f0 9.04 .1

50 5.7 0.7

40 .6 5.4 0.2 !L .i.04 '- 3
60 .02 .020.

60 ..06 0.01

90 2.11 0f 0?e I Of se tin NS-1.090 157 0

.26 262 W3 I~ 6d- ýly ,. in Ilo : E67f.-

Where ~ ~ ~ ~ 2 0 tetd1 1.fv bd Dt:Jý 4Weetse:W..N YYr ae 9-

.4 3 In~ 2001 to: 4o. t/e: 60 70 90 q 103 1020 3 401 r6. lto 70 8 9.0

5C'I5 I7 47 -.



208 REPORT N\ATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RE8FERNCE 10. 55.2 Percent of chord N.A.C.A. REFERENCE 110. 5b17 Percent of Chord NACA

3___ 20 10 2 ¶0 60 70 8090 10 0 _2__0%__0__s 9

5 --T01 ~C -' j 19 07 0
oS o~67 1 0 700 2~0

it15 4.0 1U47 20 - - - - - - - - - - - - - -- - - - - - - - -5 I 42 5

30 L8.9 0

70 -1..37

0 30 901 -~ ow . 7 0l 3 1.
200 0.4 -07 -0 1 1

30 41 9)2_ .36229 C 1 3

20 4- .34 zoM0~- .3

0~~~ ~ ~ ~ 4. o -3o 42 14

7o .3. ý -1.1" - .6 -3260 . 7- - 1.2

90- - - - - - - 1.1 - 0 .P

30O 9o 1o .9O - .C -- 30

o---- --- - .4 .28 28 1o 0

.2 " -- --

00 .140 ; -?-
Sloe2 of eo,1 .20 2 2

4 ~ ----- 2Cn eol1: 1. CL./e.. ~ { * . 1O ~ 97f.er
'i -- rWeetse:9,h ~dIt 22 etd:~h ie cd0012-12-10-8.6-9-202 * 6 810 1219 16 18 20225-L21----0 

i6802"1 822

2L ..14 '14 -Zl0

S -3 -o 6 .120 so 96 -6 -1o

0~ -Tt
28 5o .1 I I l'

z6 ioI :- -. 06 z6lit

20g9.2 .2 - / t.....x - , -- 1

a
6 

62 - D

.-.1 080.0o

-9 -. Win veloity Veloc tytsec W I n ~ :-
whore tasted: -4-: "q 1-:-t: Late.-re

-12-10 - -6 -9-2 0 2 4 6 9 10 12 14 16 1 20212 -12 -10 -8 -6 -4-2 0 -2 I 6 8 1012 14 ~ 160I 20?
Angleof At dtack in Degrees. Angle of Attack in Degree..
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REFERENCE 10. -568 Percent of Chord X.A.C.A. REFMgwCZ So. 557 Percent of Chord .A.C.A.

!: n -H - UPRI V
4.0 0 0.9 _

-~.0 0.900

2j 1.0 0:30 2j. 30 -

11.9 0.14 -

40~~5 _.0 0.4 0 8

80 '2.24 0.04 .10 0 Z.91 : 0

1 2 0 0i3

6 26 36o
30 1.n 0.43

-0 .0 0

20 4. .: . 18 11345

o16~~~~~ ~4 16-. . .8 6 1 60--- -
go. o*7j. .:Z 7

701 11. 32 so

-20 .l3o0oe~3

-12-10-8-6-8-2 ~ ~ ~ ~ ~ ~ ~ 9 02 86 81111u22 1- 0-8-6-6- 02 8 6 111(112

5 ____ 0.0 100 0.0 60 4 07.00 10- 3 8

0 t-. Io o- 1. 0.0 .3 2
1604 2 1~ 1. 1 IC :

26 t.4 26 F

2434 ftG .2 .4.0

10 44 .207 0..
15~~~ .,5 .0 9

20420 036 20 .0 .. 0 - 106

TI 30 302`1.750 T7

6 . '.. . . .3 6 3 .0 9 . . . . . . . .. 36

.73

100 3.3 6.4 .12 1.8 -33

261 . 0.16 2610 2

U~. .0. 3C) C) .06 8 30

*'-.4 .04 0 '

8 006 0l~ . .

-2~. Isn - -I6

011S14 of eode1: 
10-2"r ..

_4where tested : Wnr~h. -43 WheDte t.e,..3.

-610 -86-82 0 2 If 6 g81012 14161IS20 22 .12 -10 -8-6 -4-20 2 4 6 91012 14 161 0F
Angle of Attack in Degree$. Angl of , Attack tnDeres
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RSER~ENCE 10. --Oj) Farcent of Chord W.A.C.A. PFYFE8CE NO. ',61 Percent of Chord XACA

10 20 30 ýo So 60 70 80 90 1 003 1 0 1 0 w 07 09 0

0 A0 O/0 20~ ' r"- 0 1.40 1.40 20

.01 1 -90 20 ..

21 1 _ _3
20 ý " 1 -- . ..3 10 2j1~ _-f!0 ((___1' '

40 16 -!"0:
70 9.1 14 C__

0--3 90 '1ý 4 v0< 00
0ý8 L2 I .T

2 30 if- ý 1 00

60 CI .. o t'!- i 0 N ýC O

70 .e . : '470 ~ 8.2- _ICI _ 3

go i I U.0
0 -3 0 g o 7 30 0

10 100 of0 L~t o j.41z

-24 s-o of1. mo24l 24" 2 0- - t 112 Clo 204111 597f

22 '.J3. i0 ---- C . .2

20 . .00 .2.A T
20 U.2 . 36 20 n4 2. 4 .00 a

"30 .2.1 C.i -5. .1.s

6 16z .61 .16 L.4 00 1 j ; ~~
70 .14 0. 210ý.1

90 ..6 ..02

?CC .4 -.0 4 CI970 A' .0h-..

b-.06 6 .204

0 ~ ~ ~ ~ 2o o0 0 od.f1sc i'OI -i 0

Aog1 of d~lo 1: ~pe.0g fAt~ 0lge.

~~~ of-- -nod 1:__.-W'-__ .5_
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RZiERVO NO. 564 Percent of Chard N.A.C.A. RZ17ff4U 130. 565 Percent of Chord W.A.C.A.
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RC=gP.b8Percent of Chord I.A.C.A. pRgpflgg 10. 589 Percent of Chord N.A.C.A.
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8Z MIUIN O. 30572 Percent of Chord N.A.C.A. P.ZUWCK 10. 573 Percent of Chord N.A.C.A.
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"8rmUCZ No. 578 Percent of Chord N.A.0.A. 8ZVUMIZW 10. 577 Percent of Chord XACA
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REMIENCf N0. .'u Percent of Chord I6.A.C.A. REFERECE N0. 581 Percent of Chord W.A.C.A.
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WRVZM ICI 10. 584 Percent Of Chord W.A.C.A. WZIUIWCZ 10. 585 Percent of Chord W.A.C.A.
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AZEIUNCE 10. 588 PecentO of Chord .. CA REME~NCE NO. 589 Percent of Chord N.A.C.h.
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REF"NCE NO. 592 Persent of Obord% N.A. C. A. REFERENCE No. tq Percent of Chord 8.A.C.A.
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HUMENECE 10. 2ý98 Fercent of Chord N. A.C. A. RUMSCREg NO. 597 Percent of Chord 8.A.C.A.
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"MINDCE 1M. 000 ?*.Cent of Chord WL&.C.A. 8tVM"CE 110. eo1 Percent of Cbord .A .A
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R6EnMENCt 10, W4 Percent of chard W.L.C.A. BIVI8UCt o E.605 Percet~. of Chord 1I.L.C.A.
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REFU CICK 1O. j Percent of Chord I.A.C.A. NO., 7F NA . r:. ,f Cnr0 I.A ,C k
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REFERENCE N0. 'ý Percq t of C05,f A. C.. REFERENCE NO. 613 Porcent of Choid N.A.C.A.
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RERZICmu N0. d1d Poto. rd N.~t .A.C. A. RXPERMCZ W0. 617 Percent of Cbord XACA
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R~xenct. io 620 Poccer. - zhrd N. A. C.A. RKEl~xI 10. 801 Percent of Chord. 3.I.0.0.
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TABLE OF ORDINATES NOT GIVEN ON INDIVIDUAL CHARACTERISTIC SHEETS

[Ordinates for dotted section a1t cip where ratio of ordinate to chord differs fromi that of sei.tion at eenter of span]

Ref. 545 Gottingen Ref. 348 Dayton Ref.5575 Glenn Ref. 578 U. S. A..35 Ref. 5 U. S. A. j5
Stations 387 (tapered) Wright T-t (tapered) Ref. 574 R-3 Ma, in 2 (modified) I

in per cent
of chord . .. . . . .

Upper Lower Upper Lower Upper I Lower Upiper Lower Upper Lower Upper Lower

0 --------- 2.55 2.55 2.04 2.04 0.64 0.64 1.39 1.39 2. 76 2.76 0.98 0.98
1.25 ------ 4.43 1.07 3. 25 1.08 1.39 .00 3.35 .50 5. 14 1.03 2.40 .15
2.50 ------ 5. 37 .70 3. 79 79 1.86 -. 21 4. 49 291 6.09 .61 3. 12 -. 13
5 --------- 6.70 .42 4.60 .42 2.67 -. 51 6.20 .04 7. 53 .27 4.44 -. 42
7.50 ------ 7.53 .23 5. 25 .21 3. 22 -. 79 7. 35 .01 8.64 .14 5.35 -. 6
10 -------- 8. 20 .12 5. 74 .10 3.75 -1.00 8.41 .00 9.46 .06 6. 12 -. 77
15 -------- 9. 15 .03 6.46 .00 4.40 -1.35 9.70 .06 10.56 .00 7.21 -. 98
20 --------- 9.75 .00 6.87 .05 4.80 -1.66 10.40 18 11.27 .05 7.69 -1.08
30 -------- 10. 10 .03 7.08 .21 5. 27 -2.04 10.69 1.00 11.72 16 7.58 -1.25
40 -------- 9. 73 17 6. 91 .40 5.27 -2.04 10.29 .85 11.36 .28 6.89 -1.21
50 ........ 8.83 32 6.45 .37 5.00 -2.00 9.69 .71 10.28 .38 6. 12 -1.21
60 .-------- 7.59 .38 5.66, .21 4.46 -1.87 8.52 .29 8.85 .43 5.04 '--1.08
70 -------- 6.00 .37 4.66 .04 3.68 -1.46 7. 10 .04 7.07 .41 3.90 -. 90
80 -------- 4. 30 .33 3.42 .00 2. 85 -1 .00 5.31 .00 5.00 .35 2.71 -. 65
90 -------- 2.37 18 1.96 .06 1. 86 - .57 3.21 11 2. 76 .21 1.38 -. 35
95 -------- 1.30 10 1. 12 . 12 1.34 - 07 2.00 15 1.52 . 12 .75 -. 19
10.--------. 13 .00 .29 .21 .45 .45 .61 .61 .27 .00 .00 .00

Rad. L. E ----------------------------- ------- --------------------- ------- -------- . 957 .625
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d,

Positive directions of axes and angles (forces and moments) are shown by arrows

Axis Moment about axis Angle Velocities

________ - ~Force -_ _- _ _ _ _ __ _ _-_ _

(parallel Linear
Desgnt* Sym- to axis) Designa- Sym- Positive Designa.. Sym- (compo.. ngla

sinaio bl xbol tion bol direction tion bol nent alongAnua
axis)

Longitudinal -- X X rolling------L---4Z roll ------- 4' u P
Lateral -------- Y I' picinr M Z-* pth 0 V q
Normal ---- Z Z yawing----N X-ý Y yaw-------I w r

Absolute coefficients of moment Angle of set of control surface (relative to neu-

L M CN N tral position), 6. (Indicate surface by proper
cz, qbSCM =qC8. qfssubscript.)

4. PROPELLER SYMBOLS

D, Diameter. T, Thrust.
p,, Effective pitch 0, Torque.
p,, Mean geometric pitch. P, Power.
p,, Standard pitch. (If "coefficients" are introduced all

p,,, Zero thrust. units used must be consistent.)
P., Zeio torque. 17, Efficiency = T V/P.

pPt ~ rati. n, Revolutions per see., r. p. s.
V1, In Wo velocity. N, Revolutions per minute., R. P. M.
V,, Slip stream velocity. o n, Effective helix angle so tan' b

5. NUMERICAL RELATIONS

1 HP = 76.04 kg/rn/sec. = 550 lb./ft./sec. 1 lb. = 0.4535924277 kg.
1 kg/m/sec.=0.01315 HP. 1 kg = 2.2046224 lb.
I mi./hr. =0.44704 rn/sec. I mi. = 1609.35 m = 5280 ft.
I in/see.-2.23693 mi./hr. I m=3.2808333 ft.

Sym t ais) Deigao ym Psiive Deiga- ym (omp- ng-A


